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Abstract.
 
—The island of Selvagem Grande holds one of the most important colonies Cory’s Shearwater (
 
Calonec-
tris diomedea
 
) in the Atlantic. Historical records suggest a stable population well in excess of 100,000 pairs. A succes-
sion of massacres in 1975 and 1976 dramatically reduced this population to less than 10% of the original numbers.
Since 1977 strict protection was enforced and the population started a steady recovery. However, between 1995 and
1998 an alarming decline, of more than 13% of the birds, was reported and concurrently the monitoring work was
interrupted. Data from other colonies in the Atlantic and the Mediterranean also indicated significant regional de-
clines, some of which appear to be driven by unsustainable levels of accidental mortality in fishing gear. In order to
investigate the persistence of the regressive trend at Selvagem Grande, we carried out a global census of the colony
in June 2005. We counted 20,555 occupied nests and estimated the total breeding population at 29,540 pairs. The
population still appears to be recovering from the massacres of 1975-1976, at an average rate of about 4.6% per year
over the past 25 years. Our data reveal that Selvagem Grande now harbors the largest known Cory’s Shearwater col-
ony in the World. Results from this study suggest that this population is not, as yet, suffering from unsustainable
fisheries-related mortality, which would be reflected in a decline in numbers. This situation contrasts with that of
the Mediterranean, where significant mortality in fishing gear has been linked to shearwater population declines.
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Many species of seabirds are currently
under threat due to high immature and
adult mortality levels from interactions with
fishing gear (Brothers 
 
et al.
 
 1999; Tasker 
 
et al.
 
2000; BirdLife International 2004a). Hook-
based fisheries in particular have been rec-
ognized as a major cause of incidental mor-
tality of pelagic seabirds and are currently
identified as the primary reason for the de-
cline of many populations (e.g., Croxall 
 
et al.
 
1990; Weimerskirch 
 
et al.
 
 1997; BirdLife In-
ternational 2004a).
Cory’s Shearwaters 
 
Calonectris diomedea
 
are pelagic seabirds, with all their breeding
colonies located in the Mediterranean and
the Northeast Atlantic. The population size
of the Atlantic subspecies 
 
C. diomedea borealis
 
is very roughly estimated at 240,000-250,000
pairs (BirdLife International 2004b). The
bulk of this population seems to be concen-
trated in the archipelagos of Azores and
Madeira (more than 85%) and in the Canary
islands (ca. 15%), with a few pairs also breed-
ing at Berlengas, off the Portuguese coast.
In most of the Atlantic locations there
has been little monitoring work, and hence
the population trends are based on very ten-
tative estimates of the size of breeding popu-
lations (BirdLife International 2004b). The
colony of Cory’s Shearwater at Selvagem
Grande is an exception, because it has been
surveyed regularly during the course of sci-
entific expeditions since 1980.
There is an abundant historical record of
exploitation of Cory’s Shearwaters at Selva-
gem Grande (e.g., Bannerman 1963; Zino
1985). In the beginning of the 1900s, when
the island was still privately owned, in excess
of 20,000 chicks were collected annually for
meat, oil and feathers (Zino 1985), from a
population that was crudely estimated at
130,000-150,000 breeding pairs (Mougin
 
1-17117/p.056-60/Gra/WBS/asg  Page 56  Friday, January 27, 2006  8:54 AM
 PR
OO
F
 
C
 
ORY
 
’
 
S
 
 S
 
HEARWATER
 
 P
 
OPULATION
 
57
 
and Mougin 2000). In the late 1960s the in-
tense exploitation of chicks had already de-
pressed the population numbers, and a few
adult birds probably started to be collected
along with the chicks. In 1971, the island was
classified as a Nature Reserve, but remained
without vigilance and effective protection. In
1975 and 1976 a succession of severe massa-
cres by Portuguese and Spanish fishermen
decimated thousands of chicks and adults,
causing a major population collapse. In Sep-
tember 1976 only 64 chicks could be found
on the entire island (Zino 1985), and in 1980
the population was estimated at only 7000
pairs (Mougin and Stahl 1982). After this,
permanent wardening and strict protection
were enforced. Simultaneously, a regular
monitoring scheme was initiated consisting
of a global count at a three-year interval.
The census work at Selvagem Grande sug-
gested a relatively steady population growth,
at ca. 5% per year, and in 1995 the population
was estimated at 18,100 breeding pairs (Mou-
gin 
 
et al.
 
 1996). However, in 1998 the num-
bers seemed to have dropped to 15,750
breeding pairs (Mougin and Mougin 2000), a
reduction of over 13% in three years. Large
population declines of the Mediterranean
subspecies 
 
C. diomedea diomedea 
 
have also
been recorded at several locations, mostly
due to interactions with fisheries (e.g., Belda
and Sanchéz 2001). Such evidence constitute
a serious cause for concern in relation to the
possibility of significant losses of Cory’s Shear-
waters in the breeding or in the wintering ar-
eas, the later located in the southern Atlantic
(e.g., Camphuysen and Van Der Meer 2001).
In this study, the long-term monitoring
work at Selvagem Grande was resumed and
the trend data re-examined by adding the re-
sults of a global count carried out in 2005.
Results are interpreted in light of the demo-
graphic events occurring in the past.
 
M
 
ETHODS
 
Selvagem Grande (30°09’N, 15°52’W) is the largest
of the three islands which constitute the Selvagens Na-
ture Reserve, and the only that hosts significant num-
bers of Cory’s Shearwaters. The island is located ca. 300
km south of Madeira island and 160 km north of the
Canary islands (Fig. 1). It consists of a central plateau
(with 161.5 ha), completely surrounded by cliffs. The
area of the cliffs was estimated at 106 ha, using digitized
elevation data and a Geographical Information System
(GIS). The island was divided into 5 large areas follow-
ing previous census work (e.g., Mougin 
 
et al.
 
 1996):
 
north coast
 
, from Ponta do Risco to ponta da Espinha;
 
west coast
 
 from Ponta da Espinha down to Ponta de
Leste; 
 
south coast
 
, from Ponta de Leste to Ponta dos
Moinhos; 
 
east coast
 
, from Ponta dos Moinhos up to Pon-
ta do Risco, and 
 
central plateau
 
 (Fig. 1).
Fieldwork was carried out between 15 and 26 June
2005, when all birds had already laid their eggs (Thi-
bault 
 
et al.
 
 1997). In order to compare our data with pre-
vious census work, we followed the method initially
proposed by Mougin and Stahl (1982), which consists of
a global count of all nests during the incubation period.
The cliff areas and the plateau were sub-divided into
large sectors, using natural landmarks. The limits of the
sectors were recorded using a GPS (average horizontal
accuracy ca. 5 m) and subsequently mapped in a GIS.
All sectors were systematically walked by a line of ob-
servers, who recorded the number of nests with incubat-
ing birds. To the possible extent, cliffs areas were
prospected for nests almost from sea-level up to the pla-
teau. Overall, the fieldwork involved ca. 275 man.hours.
The cliffs west from Ponta do Corgo da Areia up to
Atalaia are inaccessible (coastal areas, shaded grey in
Fig. 1), and were excluded from the census. Also, two
sectors of the plateau could not be counted because
they hold a dense colony of White-faced storm-petrel
 
Pelagodroma marina
 
, where walking is impossible without
trampling the nests (Fig. 1).
At Selvagem Grande, Cory’s Shearwaters start to re-
turn to land during mid to late afternoon. Hence, our
work was carried out before 16:00 h (local time) to
avoid counting cavities occupied by prospecting birds.
Some nests could not to be detected, either because
they occurred in deep crevices and burrows, where con-
firmation of breeding was difficult, or because they were
located in inaccessible areas. Based on previous experi-
ence (Mougin 
 
et al.
 
 1994, 1996) this fraction was tenta-
tively estimated at 15%. Also, by the time of our census,
some birds had already lost their eggs and abandoned
the nest sites. Previous work at Selvagem Grande esti-
mated egg loss during incubation at 32% (Mougin 
 
et al.
 
1994). Counts were carried in the early stage of incuba-
tion, when most eggs disappear and therefore we as-
Figure 1. Number of nests of Cory’s Shearwater count-
ed in different sectors of Selvagem Grande. Areas shad-
ed grey were not counted.
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sumed that 25% of the clutches had already been lost.
Throughout the text, means are presented ± standard
errors.
 
R
 
ESULTS
 
Overall, we counted 20,555 nests with an
incubating bird. Based on the estimated pro-
portion of eggs lost (25%) and on the frac-
tion located in non-surveyed areas (15%),
the breeding population was estimated at
29,540 pairs. This represents an average in-
crease of 9.5% per year in relation to the
1998 census (15,750 pairs; Mougin and Mou-
gin 2000) and 5.1% per year in relation to
numbers estimated in 1995 (18,000 pairs;
Mougin 
 
et al.
 
 1996).
Over 80% of nests were located in cliff
sectors, where the overall nest density was
283.0 ± 57.0 birds.ha (n = 11 sectors). Aver-
age densities in the plateau were much lower
(57.2 ± 21.5 birds/ha, n = 6 sectors), with
fewer nests in the rather bare NW half of the
island in comparison to the SE portion (Fig.
1). On the plateau, nests were located under
vegetation (mostly 
 
Suaeda vera
 
), in holes ex-
cavated on the ground, in abandoned rabbit
holes, in natural rocky crevices or in man-
made walls.
The analysis of previous count data (Fig.
2) suggests that the south and east coasts
have been increasing at a slightly faster rate
(6.1% per year) than the remaining areas
(4.3% per year; Fig. 2). Based on all the avail-
able count data (Mougin and Mougin 2000
and references therein), the average growth
rate between 1980 and 2005 was estimated at
4.6% per year.
D
 
ISCUSSION
 
This study confirms Selvagem Grande to
be the largest known breeding colony of
Cory’s Shearwater in the world, and hence of
major importance for the conservation of
this species. Selvagem Grande is also the only
site in the Atlantic where a large population
can be monitored with reasonable accuracy
by counting nesting birds, which might
prove essential to the global monitoring of
this species. Although this colony might not
be representative of the global trends in the
Atlantic islands, the current data constitutes,
as far as we know, the only evidence that
 
C. d. borealis
 
 might, as yet, not be suffering
from a fisheries-related mortality severe
enough to depress population numbers.
Our study and the available historical data
suggest that the population is still recovering
from the depredations of 1975-1976. Follow-
ing these events, (1980 to 1985), the numbers
built up rapidly, at ca. 30% per year (Mougin
 
et al.
 
 2000). This rapid increase was due to the
progressive recruitment of large numbers of
non-breeding birds. These non-breeders
were at sea during the massacres (the average
age of first breeding is 9 years old; Mougin
 
et al.
 
 2000), hence they escaped the culling.
From 1985 to 1995, the population growth
stabilized at an average rate of 5% per year
(Mougin 
 
et al.
 
 1996). The apparent decline in
numbers indicated by the count in 1998, lead
Mougin and Mougin (2000) to infer the on-
set of a period of stagnation in the population
growth. However, our results do not seem to
support this hypothesis. The present data sug-
gest a population around 30,000 breeding
pairs, from which we estimated an average an-
nual growth of 4.6% since 1980. Would the
overall rate of population growth be main-
tained at 5%, it would take another 35 years
for the population to reach the numbers pre-
sumed to exist prior to the massacre (ca.
140,000 pairs).
The strongest recruitment appears to be
occurring in the south and east coasts, while
Figure 2. Variation in number of nests of Cory’s Shear-
water counted in different parts of the Selvagem
Grande. Data from 1980 to 1995 obtained from Mougin
et al. (1996), and references therein.
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numbers in the north coast have increased at
a lower rate over the years. The northern
coast has the most steep cliffs, with less natu-
ral cavities and so possibly offer poorer
breeding conditions.
The sustained growth observed at Selva-
gem Grande seems to be at variance with in-
formation from colonies elsewhere in Eu-
rope. The quality of the trend data is gener-
ally poor, but they suggest a decrease or at
best a stabilization of the breeding numbers.
The Atlantic race 
 
C. diomedea borealis
 
 has de-
creased in the Canary islands, and it is cur-
rently classified as Vulnerable in Spain
(Madroño 
 
et al.
 
 2004). In Madeira island the
numbers appear to be stable (Cabral 
 
et al.
 
 in
press), but there are no detailed censuses in
this area. In the Azores, land-based census of
birds forming “rafts” at sea indicated a reduc-
tion of over 40% in numbers in relation to
previous counts (Bolton 2001). This large
variation in numbers may represent a shift in
the foraging areas, rather than a true reduc-
tion in the breeding population, but none-
theless it is a cause for concern and high-
lights the need for further research. The
western Mediterranean subspecies 
 
Calonectris
diomedea diomedea
 
 also seems to be suffering
large declines mostly due to long-lines (Coo-
per 
 
et al.
 
 2000; Valeiras and Camiñas 2000;
Belda and Sánchez 2001), and thus it is clas-
sified as Endangered according to the Span-
ish Red Data Book (Madroño 
 
et al.
 
 2004).
Although long-lining has not been iden-
tified as a major problem around the breed-
ing areas in the Atlantic, it is certainly a po-
tential threat at their wintering grounds,
mostly located along the coasts of South Af-
rica and South America (Mougin 
 
et al.
 
 1988;
Camphuysen and Van der Meer 2001). It is
therefore very important to maintain regular
monitoring at the most important breeding
locations, for accurate and objective estima-
tion of population trends and early detec-
tion of population declines.
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